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Environmental and husbandry factors play key roles in the control of byssus attachment and 
detachment in many bivalve species.  Identifying and understanding the impact of influential factors 
is essential for the management of post-settlement hatchery reared juveniles in species, such as the 
scallop Pecten maximus.  We assessed the impact of substrate type and condition, and attachment 
period on attachment of juvenile scallops between 1.9 and 5.9mm in shell height.   Comparison of a 
variety of substrates showed that scallop juveniles have a preference for textured hard surfaces, 
with mean attachment up to 75.6±14.4% after 24 hours on riven slate in static conditions.  
Attachment could be significantly increased by preconditioning substrates in flow-through tanks of 
unfiltered seawater and by having undisturbed attachment periods longer than 1 hour.  The effect of 
substrate type and  substrate condition on retention of seed was assessed in a flume.  For all 
substrates, retention decreased with increasing water velocity.  H wever, of the substrates 
examined (wool, nylon and slate), retention was greatest on the riven slate, with attachment up to 
100% at water flow of 12.6±0.2 cm second-1, although this was not statistically greater than on wool 
or nylon.  Across all substrates preconditioning by immersion in seawater for two weeks significantly 
compromised juvenile retention at higher water velocities.  Based on these findings, recommended 
parameters for maximising juvenile P. maximus attachment and retention in water velocities up to 
12.6±0.2cm second-1 include utilising a riven slate type hard substrate, preconditioned for 1 week, 
with juveniles allowed to attach for 24 hours.   
 
Statement of Relevance  
 
 
This study provides important advances in our understanding of the influence of different husbandry 
and environmental conditions on promoting attachment and retention of Pecten maximus juveniles 
in the hatchery and on-growing environment. 
 
This innovative study examined the impact of novel substrate materials, substrate preconditioning, 
attachment period and water velocity, all variables that impact upon juvenile scallop attachment. 
 
Following assessment, we offer specific recommendations for promoting attachment and retention 





















FSW  1μm filtered, UV-light irradiated seawater  
Umax  Maximum water velocity 
Uav  Depth-average water velocity 














The king scallop Pecten maximus, like most pectinid scallops, begins their settlement stage attached 
by thin byssal threads to benthic surfaces, enabling them to withstand hydrodynamic pressures and 
avoid dislodgement from their chosen environment (Beninger and Le Pennec, 1991; Brand, 1991; 
Minchin, 1992).  It has been demonstrated in bivalves that byssus production, strength and 
attachment are affected by environmental conditions (van Winkle, 1970; Allen et al., 1976; Paul, 
1980a,b; Young, 1985; Dolmer and Svane, 1994; Pearce and Bourget, 1996; Christophersen and 
Strand, 2003; Carton et al., 2007; Babarro et al., 2008; Lachance et al., 2008; Ank et al., 2009;  
Brenner and Buck, 2010; Gagné et al., 2012).   Detachment has been associated with exposure to 
sub-optimal and stressful conditions (Carton et al., 2007), and has been linked to secondary dispersal 
behaviour, including pedal crawling and byssal drifting (Roper et al., 1995; Lundquist et al., 2004).   
 
Attachment is restricted to early juvenile P. maximus, with most remaining attached up to 4-13mm 
in shell length, and few remaining attached once they reach 15mm (Brand, 1991; Minchin, 1992).  
Previous studies in pectinids associate rapid attachment, and high and stable attachment with high 
growth and survival (Paul, 1980a,b; Christophersen and Strand, 2003).  In pectinids, including P. 
maximus, key factors affecting byssus attachment include salinity (Paul, 1980a; Heasman et al., 
1994; Christophersen and Strand, 2003), temperature (Paul, 1980b; Christophersen and Strand, 
2003), air exposure, chemical irritants, and pH  (Heasman et al., 1994), as well as periods of 
attachment opportunity, nutrition and shear velocity (Gagné et al., 2012).   
 
Importantly, post-metamorphic locomotion in P. maximus is not restricted to unattached juveniles 
and adults, with early post-larvae plantigrades alternating between periods of attachment and 
periods of pedal crawling (Gruffydd and Beaumont, 1972).  Small juveniles (< 500μm in shell length) 
can employ byssal drifting, (Sigurdsson et al., 1976; Lane et al., 1985; Beaumont and Barnes, 1992), 
whilst juveniles as small as 3mm, but usually greater than 5mm, actively swim or jump by ejecting 
water from the mantle cavity to propel themselves through the water column.   
 
There has been considerable research and commercial development of aquaculture of P. maximus in 
several European countries (Robert and Nicholas, 2000; Bergh and Strand, 2001; Spencer, 2002; 
Torkildsen and Magnesen, 2004; Andersen et al., 2011; Strand et al., 2016).  The culture of P. 
maximus typically involves collecting or settling spat on a variety of materials, either in the wild or in 












mesh bags filled with plastic and nylon material have been used as spat collectors, incorporating 
Netlon and polyethylene bags (Brand et al., 1980; Paul et al., 1981).  Whilst in the hatchery and 
laboratory nylon mesh (Millican, 1997) and PVC surfaces (Gagné et al., 2012) have proven suitable 
attachment materials.  However, there is a need for better understanding of the effect of 
environmental conditions on byssal attachment and detachment in juveniles.  Animals that are 
attaching, detaching or actively dispersing are diverting valuable resources away from somatic 
growth.  Furthermore, both wild collected and cultured spat typically have to be detached from 
initial settlement materials, before being transfer to new equipment, such as mesh trays and pearl 
nets for subsequent culture stages (Millican, 1997; Andersen et al., 2011), therefore promotion of 
re-attachment could be important.  Understanding how environmental and husbandry factors affect 
seed, both in terms of attachment and retention, will allow effective management strategies to be 
adopted in hatcheries, supporting the improvement of scallop culture by innovating appropriate 
juvenile nursery systems (Andersen et al., 2011).  
 
In this study we examined the influence of different husbandry and environmental conditions on 
promoting attachment and retention of P. maximus seed animals.  Specific goals included; (1) to 
assess the impact of variables likely to affect seed attachment in a hatchery environment, including 
previously untested substrate materials, substrate pre-condition, and attachment period, and (2) to 
measure the impact of water flow velocity on the level of seed detachment and retention,  including 
the interaction between velocity and other conditions.  
 
Materials and Methods 
 
Scallop larval culture 
 
Veliger larval P. maximus (202 ±19µm in shell length) were obtained from the Scalpro AS hatchery 
(Rong, Norway).  These were checked to determine quantity and condition, based upon survival, 
before stocking at a density of 5 larvae ml-1 in 65-litre static polyethylene tanks.  Tanks were 
operated as static batch systems, filled to a volume of up to 45 litres with 1μm filtered, UV-light 
irradiated seawater (FSW), at a salinity of 33‰.  Seawater was pumped from the Menai Strait, 
through two sets of settlement tanks before being subjected to fine filtration using GE hytrex filter 
cartridges and irradiation with a 110W Commercial UV steriliser.  Culture temperature was 
maintained at 16±1˚C.  Three times a week the larvae were sieved onto a 45μm mesh screen and 












mixed microalgal diet equivalent to 30 cells μl -1 day-1, consisting of Pavlova lutheri (PLY75), Isochrysis 
sp. (clone T-ISO) (PLY506A) and Chaetoceros calcitrans (PLY537) at a cell ratio of 1:1:1.  Larvae were 
reared in this system for up to 20 days following arrival, before transfer to a juvenile downwelling 
culture system.   
 
Downwelling culture system 
 
Juvenile scallops were maintained in cylindrical sieves (160mm dia.) with mesh sizes ranging from an 
initial 85μm up to 500μm, with mesh size increasing in line with scallop growth.  Sieves were  
connected to a narrow 23-litre central tank suspended in a larger 120-litre reservoir tank.  Water 
was pumped from the reservoir to the central tank, which flowed back to the reservoir through the 
sieves.  The system was supplied with a constant seawater inflow (0.28±0.06 litres minute-1) filtered 
using GE hytrex filter cartridges to 10μm.  The system was maintained at ambient temperature, 
ranging from 10 to 20˚C.  Juvenile scallops were fed a mixture of microalgae daily, consisting of P. 
lutheri, Isochrysis sp., C. calcitrans, Rhinomonas reticulata (CCAP 995/2), and Tetraselmis chuii (CCAP 
8/6) ab libitum.   
 
Standardised juvenile pre-experimental regime 
 
Prior to commencing experiments, a proportion of juveniles were removed from the downwelling 
culture system and maintained for 6 days under a controlled and standardised husbandry regime in 
order to ensure a comparable starting condition of animals used in the study.  Juveniles were 
stocked at a density of 1.0g (wet weight), in static tanks of FSW, and maintained at a temperature of 
12±1˚C.   Tanks were aerated and 100% water changes conducted every 2-3 days.   Juveniles were 
fed a mixed microalgal diet equivalent to a cell concentration of 75 cells µl-1 day-1 of Isochrysis sp., P. 
lutheri and C. calcitrans, at a cell ratio of 1:1:1.  Measurements of shell height were made to 
determine the experimental size range after juvenile conditioning.  Digital images of juveniles were 
taken using a Canon EOS 1000D, and images measured using Image J software.   
 
Juvenile attachment to substrate types over time 
 
A range of materials were compared, including hard surfaces such as smooth glass and textured 
slate, and soft natural fibrous materials, as well as nylon mesh.  Experimental parameters for all 












from standard glazing panes and slate from riven roofing tiles, whilst all fabric substrates were 
wrapped round a core of slate to provide a rigid, negatively buoyant structure.  In all experiments, 
juveniles were stocked at 0.5±0.05 cm-2 directly onto the substrates in static dishes filled with FSW.  
Water temperature was maintained at 12±1˚C and attachment dishes were fed as described for 
conditioning.   Juveniles were added to dishes and left undisturbed for an attachment periods of 1 or 
24 hours, under constant illumination.  Substrates were gently rinsed to remove any unattached 
juveniles and attachment percentage determined from counts of attached juveniles.  In all 
experiments scallop juveniles of <13mm shell length were used (Table 1), as this is within the size 
range when attachment is known to occur (Brand, 1991; Minchin, 1992) 
 
Effect of preconditioning substrates on juvenile attachment and retention 
  
Following the same method, juvenile attachment was compared on substrates preconditioned for 0, 
1 and 2 weeks in a flow-through tank, supplied with seawater pumped from the Menai Strait, 
through two sets of settlement tanks but without additional filtration. The substrate preconditioning 
tank was a 120-litre polypropylene tank maintained at 12±1°C and supplied with an inflow of 
approximately 0.42±0.12 litres minute-1, equating to a residence time ranging from 3 hours 42 
minutes to 6 hours 40 minutes.  In addition, detachment of juvenile scallops was examined in a 
laminar flow re-circulating benthic flume (Figure 1) at velocities up to 12.6±0.2 cm second-1.  The 
flume consisted of a 4m long x 0.4m wide fibre glass raceway tank with PVC bottom plate with nine 
5.5x5.5cm depressions to hold substrate tiles in a 3x3 configuration (Figure 2 – see Supplementary 
Material for full description). 
 
The flume was filled with 1µm filtered seawater to a constant depth of 5cm, with an approximate 
total volume of 90 litres.  Water temperature was maintained at 12±1˚C and experiments were 
carried out in constant illumination. Velocity profiles were measured prior to running experiments 
(see Supplementary Material) and expressed as mean maximum (±standard deviation) water 
velocity (mean Umax) across the various substrate types.  As an initial control, passive retention of 
unattached juveniles placed directly on the substrates within the flume was tested over a range of 
mean maximum water velocities, for 10 minutes at each velocity.  Thereafter, substrates with 
attached juveniles were transferred from the settlement dishes and the tests repeated. In all flume 
experiments retention was quantified from counts of juveniles at the beginning and end of each 














Table 1: Summary of experimental parameters. 
Experiment Response 
variable 
Environmental variables  Treatment 
replicates 




















Glass (50.4 x 50.2 x 3.9mm - w x l  x h) 
Slate (50.6 x 50.6 x 3.5mm) 
Nylon mesh (53.9 x 53.9 x 1.5mm - 
500μm diameter weave) 
Wool (56.6 x 56.9 x 7.4mm) 
Cotton (54.3 x 53.9 x 5.2mm) 
Soy fabric (54.1 x 53.3 x 5.1mm) 
Hemp (55.4 x 55.8 x 4.9mm) 
 
 Attachment periods: 










Range = 1.9 to 5.4 














Wool, Slate, Nylon 
 
 Substrate Pre-condition: 
0, 1, 2 weeks 
 
 Water velocity (cm second-1): 











Range = 1.9 to 5.9 




All data sets are described as a percentage of attached or retained seed, whilst flume velocities are 
described as cm second-1.  Prior to analysing, all percentage data were converted by arcsine square 
root transformation.  Data presented in all figures is untransformed.  Data sets were tested using the 
Anderson-Darling test to investigate departure from normality and Bartlett’s test to assess 
heteroscedasticity before applying any test of comparison (Sokal and Rohlf, 1995).   Two- and three-
way ANOVA tests were used, as appropriate, to determine if there was any significant difference in 
percentage attachment and retention, followed by pairwise comparisons between treatments using 
Tukey’s comparison test.  All results were considered to be significantly different when P<0.05.  


















Juvenile attachment to substrate types over time 
 
The mean percentage attachment of juvenile scallops to seven substrate materials after 1 and 24 
hours is shown in Figure 3.  The ability of scallops to attach was significantly influenced by both 
substrate type (ANOVA: F-statistic = 8.80, P = <0.001, DF = 1) and length of attachment period 
(ANOVA: F-statistic = 55.73, P = <0.001, DF = 1), although no interaction between the two variables 
was observed (ANOVA: F-statistic = 1.41, P = 0.227, DF = 6).  Attachment after 1 hour was limited, 
with significantly greater attachment after 24 hours.  Highest attachment was to the slate substrate, 
which was significantly higher than on most other substrates (Tukey P<0.05), with the exception of 
wool and glass (Tukey P>0.05) (Figure 3).  Attachment was lowest to the cotton substrate, but this 
difference was only significantly lower than the slate, wool and glass substrates (Tukey P<0.05).  
Attachment to all other substrates was statistically equal (Tukey P>0.05) (Figure 3).  The limited 
significant difference between substrates is likely a consequence of the variable rates in juvenile 
attachment observed to each substrate type. 
 
Effect of preconditioning substrates on juvenile attachment and retention 
 
Results of the initial control test, showed that both water velocity and substrate type influenced the 
passive retention of unattached juvenile scallops.  Figure 4 shows the percentage decrease of 
unattached juvenile scallops retained on nylon, slate and wool substrates with increas ing water 
velocities (cm second-1).  Retention on all substrates significantly decreased with increasing water 
velocity (ANOVA: F-statistic = 30.81, P = <0.001, DF = 4).  Retention at the highest velocity, 
12.6±0.2cm second-1, was significantly lower than all other velocities (Tukey P<0.05), except 
12.2±0.1cm second-1 (Tukey P>0.05).  Retention at all water velocities was significantly lower than in 
static water (Tukey P<0.05), whilst retention at 7.2±0.1cm second-1 was significantly higher than at 
10.1±0.2cm second-1, which was approximately equal to 12.2±0.1cm second -1.   There was a 
significant difference between substrates (ANOVA: F-statistic = 15.74, P = <0.001, DF = 2), with 
significantly more individuals displaced from slate and nylon substrates than from wool (Tukey 
P<0.05).  There was no difference between slate and nylon (Tukey P>0.05).  There was no significant 
interaction between water velocity and substrate on the retention of unattached juveniles (ANOVA: 













The mean percentage attachment of juvenile scallops (after 24 hours) to slate, wool and nylon 
preconditioned in seawater for 1 and 2 weeks compared to unconditioned substrates  is shown in 
Figure 5.  There was no significant effect of substrate type on attachment of juvenile scallops in this 
experiment (ANOVA: F-statistic = 0.19, P = 0.828, DF = 2), however there was a difference between 
substrate preconditioning treatments (ANOVA: F-statistic = 4.37, P = 0.028, DF = 2).  Attachment to 
substrates preconditioned for 2 weeks was significantly higher than unconditioned substrates (Tukey 
P<0.05).  No significant interaction between the variables was observed (ANOVA: F-statistic = 2.00, P 
= 0.138, DF = 4).  
 
Figure 6 shows the mean percentage retention of juvenile scallops on slate, wool and nylon 
substrates preconditioned for 0, 1 and 2 weeks under water velocities up to 12.6±0.2 cm second-1.  
Analysis showed that the length of substrate preconditioning (ANOVA: F-statistic = 22.52, P = <0.001, 
DF = 2) and water velocity (ANOVA: F-statistic = 10.72, P = <0.001, DF = 4) significantly influenced 
juvenile retention, whilst substrate type had no influence (ANOVA: F-statistic = 0.75, P = 0.474, DF = 
2).    
 
Retention of attached juvenile scallops was highest for substrates preconditioned for 1 week, 
followed by those on unconditioned substrates, (Figure 6).   Retention on substrates pre-conditioned 
for two weeks was significantly lower than on both unconditioned and 1-week preconditioned 
treatments (Tukey P<0.05).  Maximum retention was on substrates preconditioned for 1 week, 
although retention on unconditioned substrates was statistically equal (Tukey P>0.05).  Retention to 
all substrates decreased with increasing velocity (Figure 6), with highest detachment at the highest 
velocity (12.6±0.2cm second-1), significantly higher than at all other velocities (Tukey P<0.05), except 
12.2±0.1cm second-1.  However, velocities up to 10.1±0.2cm second-1 did not result in significantly 
higher dispersal than static conditions (Tukey P>0.05).  Velocities of 7.2±0.1 and 10.1±0.2cm second -
1, and 10.1±0.2 and 12.2±0.1cm second-1 displayed approximately equal retention.  A combined 
effect of substrate preconditioning and water velocity was also found (ANOVA: F-statistic = 2.36, P = 
0.024, DF = 8) , as the magnitude of loss from substrates preconditioned for 2 weeks increased at a 
greater rate with increasing velocity, than from substrates preconditioned for 0 or 1 week, with 


















Maximising the retention of valuable seed animals is a priority for bivalve aquaculture, however 
many environmental stimuli have been identified as factors influencing attachment and retention in 
juvenile bivalves.    This study provides important insights into the influence of multiple factors on 




In this study, experimental substrates were not chosen to imitate natural substrates but instead to  
reflect a range of textures which may prove useful in a hatchery environment.  The behaviour of 
juveniles in relation to their environment and handling is important t  future hatchery operations 
for this species.  Notably the slate material used in this study was riven and textured, and therefore 
more like a natural rock surface, however together with the fibre materials, they were seen as 
offering substrate options, which were natural, biodegradable in the case of the fibre materials, and 
alternatives to more traditional plastic based materials.  The effectiveness of artificial and natural 
substrates as sites of bivalve attachment in other species has proven to be dependent upon the 
properties of the substrate (Pearce and Bourget, 1996; Devakie and Ali, 2002; Ank et al., 2009; 
Brenner and Buck, 2010).  The present study analysed substrate materials offering a range of 
properties including hard surfaces in the form of smooth glass and textured slate, soft natural 
fibrous materials, as well as nylon mesh as a representative of the type of material used within the 
bivalve hatchery industry.  Substrate type did influence re-attachment of juvenile P. maximus 
although influence could be inconsistent.  From this study slate offers the most suitable attachment 
substrate, although wool and nylon are also effective substrates.   A more suitable and reliable 
substrate material remains to be identified, although it is likely that other environmental factors act 
in concert with substrate properties.   Orientation and shape of attachment structures have also 
been suggested as important factors for study (Paul et al., 1981). 
 
In many cases the retention of attached bivalves, is also dependent upon the relationship with 
hydrodynamic pressures.  Previous studies have demonstrated that the influence of substrate 
properties can be modified by changing water velocities, with incidence of pedal crawling or byssus 
drifting increasing in conjunction with water velocity (Roper et al., 1995; Lundquist et al., 2004).     In 












bivalves Macomona liliana and Austrovenus stutchburyi undertook increasing active dispersal 
behaviour, in response to unsuitable substrate type and increasing flow velocity.    
 
In the flume experiment with attached juveniles in the present study, detachment increased with 
water velocity.  Gagné et al. (2012) also demonstrated an increase in dispersal of smaller P. maximus 
juveniles (<1.2 to >1.5mm in length) with increasing water velocity.  In our study attached juveniles 
between 1.9 and 5.9mm could resist significant dispersal at Umax velocities up to 10.1±0.2cm 
second-1, at least over short periods, with attachment remaining high at water velocities up to 
12.6±0.2 cm second-1.  Whilst there was no statistical divergence between substrates, retention was 
greatest on the riven slate, with mean attachment notably up to 100% at the highest water velocity 
tested.  Whilst this is greater than the velocities applied in an on-shore nursery system developed in 
Norway, fed with natural seawater at a flow rate of 2 to 4cm second-1 (Magnesen and 
Christophersen, 2007), it demonstrates that juvenile scallops can remain attached under greater 
velocities, including those that may be experienced in off-shore systems.  It also suggests that flow 
rates in on-shore systems could be increased, even over short periods of time, in order to increase 
food availability, preventing potential reductions in juvenile growth due to food depletion 
(Magnesen and Christophersen, 2007).  It is recognised that water velocity affects scallop filtration 
and feeding behaviour, with excessive velocities leading to stress and growth inhibition.  Flow 
speeds between 0.2 and 6cm second-1 have been recommended for different species, as reviewed 
by Magnesen and Christophersen (2007).  However, increasing velocities to increase food availability 
could be possible without necessarily causing detachment and dispersal of juveniles. 
 
This study also implies that there is a mechanical effect of the substrate material, as well as the 
juvenile scallop’s ability to attach and remain attached to the various substrates.  In our study under 
flowing water conditions the test substrates had no influence on mean (Uav) and maximum (Umax) 
velocities, however there was a profound difference in the estimated shear velocities (U*) (see 
Supplementary Material).  As expected, the wool substrate had a consistently higher U*, 
approximately twice as high compared to nylon and slate, in line with rougher surfaces having a 
higher shear velocity (Kirkgöz, 1989).  This study showed that substrate properties had a significant 
impact upon passive juvenile retention, with the increased roughness and complexity of the wool 
increasing retention of unattached juveniles.  Retention of all unattached individuals decreased with 
increasing water velocity for each substrate, however more individuals were displaced from the slate 












32.8 to 53.7% lower on wool than on slate and nylon respectively.   Therefore, the shear velocities 




The length of attachment period prior to disturbance also plays a crucial role (Paul, 1980b).  Drag 
forces associated with detachment have been significantly and positively correlated with the 
duration of attachment in cyprids of the barnacle Balanus Amphitrite (Eckman et al., 1990).  In our 
study attachment after 1 hour was significantly lower than after 24 hours on all tested substrates.  In 
particular attachment increased by over 300% on slate after 24 hours.  This concurs with the study 
by Gagné et al. (2012) who showed in smaller P. maximus juveniles, ranging from <1.2 to >1.5mm in 
length, higher detachment was observed following an attachment period of just 30 minutes 
compared to a 12-hour attachment period, when subjected to shear velocities of 1.42 cm second-1 
and over.  The implication for culture activities is that P. maximus are slow to form attachments and 
require sufficient time following detachment, such as when being moved between rearing stages, to 
reform secure byssus attachment before being subjected to hydrodynamic pressures.  Assessment of 




In the present study a marginal improvement in attachment on slate and wool was seen with 
increased length of preconditioning, whilst a dramatic increase was observed between nylon mesh 
conditioned for 1 week or more over clean unconditioned nylon.  Overall preconditioning substrates 
for 2 weeks significantly improved attachment over clean substrates, whilst preconditioning for 1 
week resulted in attachment that was neither significantly higher nor lower than either other 
treatment.  It is accepted that biofilm coverings on substrates serve as an attraction for bivalve 
settlement (Pearce and Bourget, 1996; Devakie and Ali, 2002), and the properties that act on larval 
settlement may also trigger a response in older juveniles to some degree.  Preconditioning 
substrates may potentially overcome any deficiencies in the actual substrates, as seen with the 
nylon substrate in the current study.  The present study also showed that substrate preconditioning 
influences the retention of juvenile animals.  In the flume retention was higher, with increasing 
velocity, on substrates pre-conditioned for 1 week, although this was not significantly higher than 
unconditioned substrates.  In contrast to the results seen for attachment it is clear that 












maximus to artificial substrates.  The shearing away or erosion of biofilms is related to hydrodynamic 
factors, with material detachment increasing with fluid velocity (Trulear and Characklis, 1982).  
Therefore, excess biofilm material may not provide a stable attachment structure, with erosion 
leading to a loss of attachment.  In addition, the results also indicate that there is an interaction 
between substrate precondition and water velocity.  This is because not only was the detachment 
higher from substrates conditioned for 2 weeks, but the magnitude of loss from substrates 
conditioned for 2 weeks increased at a greater rate with increasing velocity, than on substrates 
conditioned for 0 or 1 week.  The detrimental nature of excess biofilm was magnified with increasing 
velocity.  It is therefore clearly important to establish the impact of substrate condition both on 
attachment and retention.  In this case a moderate conditioning period of 1 week optimises 
attachment whilst maximising the retention of those that attached.  Notably, in the experiment 
examining the impact of preconditioning, retention on slate conditioned for 1 week was up to 100% 
at the highest water velocity tested. 
 
This study examined the impact of a range of culture and environmental factors on the attachment 
and retention of juvenile P. maximus.   It demonstrated that factors including substrate type, 
substrate preconditioning, attachment period and water velocity all play an important role.   Based 
upon the results, recommended aquaculture practices for maximising the chance of juvenile P. 
maximus attachment and retention in water velocities up to 12.6±0.2cm second-1, is to use a riven 
slate type hard substrate, preconditioned for 1 week, with juveniles allowed to attach for at least 24 
hours.  The results of this broad study provide additional insight into life stages key to the effective 
culture and management of this commercially important species.   However, it is clear that 
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List of Figure Legends 
 
Figure 1:  Diagram of the benthic flume constructed to test the influence of water velocity on juvenile scallops.  
 
Figure 2: Plan view of the substrate section of the flume (scale in cm). 
 
Figure 3: Mean percentage attachment (± standard deviation) of juvenile Pecten maximus to seven different 
substrates over attachment periods of 1 and 24 hours. 
 
Figure 4: Mean percentage retention (± standard deviation) of unattached juvenile scallops on wool, slate and 
nylon substrates set in a benthic water flume over a series of increasing water velocities, following exposure 
for 10 minutes at each velocity.   
 
Figure 5: Mean percentage attachment after 24 hours (± standard deviation) of juvenile Pecten maximus on 
wool, slate and nylon substrates preconditioned in seawater for 0, 1 and 2 weeks.   
  
Figure 6: Mean percentage retention (± standard deviation) of attached juvenile scallops on wool, slate and 
nylon substrates preconditioned in seawater for 0, 1 or 2 weeks, over a series of increasing water velocities, 


















 We assessed the effect of environmental and husbandry factors on the attachment and 
retention of juvenile Pecten maximus.   
 
 Maximum attachment of juvenile scallops was on a textured hard surface, with mean 
attachment up to 75.6±14.4% after 24 hours on riven slate.  Attachment could be increased 
by preconditioning substrates and by having undisturbed attachment periods longer than 1 
hour.   
 Retention of attached juveniles decreased with increasing water velocity, up to a maximum 
tested velocity of 12.6±0.2 cm second-1.   
 
 There was no statistical difference in juvenile scallop retention on wool, nylon and slate 
substrates in flowing water conditions.  However, it was greatest on riven slate, with 
retention up to 100% at water velocities of 12.6±0.2 cm second-1.  Preconditioning 
substrates influenced retention, with lower retention following substrate preconditioning 
for 2 weeks. 
 
 Recommended parameters for maximising attachment and retention in water velocities up 
to 12.6±0.2cm second-1 are to use a riven slate type hard substrate, preconditioned for 1 
week, and to allow juveniles to attach for 24 hours.   
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